Abstract: Utilization of 2-arylhydrazonopropanals for the synthesis of 2-arylhydrazonoimino propanones, 1,2,4-trizolo[4,3-a]pyrimidines, pyridopyridazine hydrazones, 3-oxaloalkanonitriles and 1,2,3-trizole derivatives by conventional heating and under microwave irradiation is described. Structural assignments are based on spectroscopic data and confirmed in some cases by X-ray crystallography.
Introduction
The utility of microwaves in heterocyclic synthesis is now receiving considerable attention [1] [2] [3] [4] and enaminones have also been recently extensively utilized as precursors for the synthesis of heteroaromatics. As a part of an ongoing project, aiming to explore potential utility of microwaves as an energy source for heterocyclic synthesis, we report here on synthesis of iminoarylhydrazonopropanone, azolopyrimidine and 3-oxaloalkanonitrile derivatives of potential interest as pharmaceuticals and photochromic dyes [5] [6] [7] , and then we investigate the possibility of conducting these reactions under microwave irradiation in addition to the standard thermal conditions.
Results and Discussion
The chemistry of 2-arylhydrazonopropanals has received considerable interest in the last few years [7] [8] [9] [10] [11] [12] [13] [14] . As part of an ongoing project in our laboratory aimed at exploring the potential utility of microwave irradiation as a source of heat for producing polyfunctionally substituted heteroaromatics, we report here on reactivity of compounds 1a-f toward amines and some active methylene nitriles in the absence of solvent under MW irradiation in a domestic microwave oven. The yield of products obtained under the microwave heating technique (MW) and the time taken for complete the reaction are compared with those obtained by conventional heating (∆). Thus, 1a-f were heated with a variety of heterocyclic amines 2a-c, hydrazine 7a and phenylhydrazine 7b with both conventional heating (∆) and in a microwave oven yielding the corresponding condensation products 3a-f, 8a-d (Scheme 1) It is noteworthy that the microwave reactions were brought to completion in a very short time compared to conventional heating. Several tautomeric forms (cf. 4, 5), seemed possible for the condensation products 3a-f. An X-ray diffraction single crystal structure [15] of a representative example of the reaction products with both amines (3b) and with hydrazines (8d), established that they exist in the hydrazone form (Figures 1, 2 ). Compound 3b (Figure 1 ) is fixed in a sterically crowded configuration to permit efficient hydrogen bonding.
Refluxing 3e in AcOH afforded a product that may be formulated as 6 or its isomer 7. 1 H-NMR indicated the presence of single triazole signal at δ= 9.1 ppm shifted to lower field by almost δ= 1.0 ppm compared to the single triazole signal in the parent aminotriazole. Consequently the 1,2,4-triazolo[4,3-a]pyrimidine structure 6 was assigned to this reaction product (Scheme 1). Reaction of 1a,c,d,e with hydrazine hydrate 7a and phenylhydrazine 7b afforded 8a-d both by conventional heating (∆) and MW irradiation. On treatment of 8a-d with pyridine using both conventional heating (∆) and MW irradiation, 9a-d were only obtained by conventional heating (∆) and not by MW irradiation under a variety of conditions (Scheme 2). Product 8d was recrystallized and its structure was solved by X-ray diffraction ( Figure 2) . The reaction of 1a and 1c with 2-amino-1,1,3-tricyanopropene (10) yielded the products of condensation, pyridopyridazines 13 and 14 respectively (Scheme 3). Structures 13, 14 were established based on spectral data (IR, 13 
Experimental

General
Melting points were measured on a Gallenkamp Electrothermal melting point apparatus and are uncorrected. The IR spectra were measured on a Nicolet Magna 520 FT IR Spectrophotometer.
1 H-NMR and 13 C-NMR spectra were recorded in deuterated dimethylsulfoxide (DMSO-d 6 ) or deuterated chloroform (CDCl 3 ) at 200 MHz on a Varian Gemini NMR spectrometer and a Bruker DPX 400 MHz spectrometer using tetramethylsilane (TMS) as an internal reference and results are expressed as δ values. Mass spectra were performed on a Shimadzu GCMS-QP 1000 Ex mass spectrometer at 70 eV.
Microwave irradiation was carried out using a commercial microwave oven (SGO 390 W). Elemental analyses were carried out at the Microanalytical Center at Cairo University. All X-ray diffraction diagrams and caculations were performed using Maxus (Bruker Nonius, Delft & Macscienece, Japan).
General Procedure for the Preparation of 1a-i [8]:
A cold solution of aryldiazonium salt (0.1 mol) was prepared by adding a solution of NaNO 2 (1.5g in 10 mL H 2 O) to a cold solution of aryl amine (0.1 mol) in concentrated HCl (5 mL) with stirring as described earlier. The resulting solution of the aryldiazonium salt was then added to a cold solution of enaminones 2 in EtOH (50 mL) containing sodium acetate (0.1 mol). The mixture was stirred at r.t for 1h and the solid product formed was collected by filtration and crystallized from ethanol. 
3-(4-Chlorophenyl)-2-(2-methoxycarbonylphenylhydrazono)-3-oxopropanal
General Procedure for the Preparation of 3a-g:
Method A: A mixture of compounds 1a-e (0.1 mol) and amines (0.1 mol) was refluxed in ethanol or dioxane (30 mL) for 2h, left to cool to room temperature and the solid was collected and crystallized from ethanol.
Method B:
A mixture of compounds 1a-e (0.1 mol) and amine (0.1 mol) and drops of ethanol were placed in the microwave oven and irradiated at 390 w for 5-15 min, left to cool to room temperature and the solid was collected and crystallized from ethanol. 
2-{2-[(2-Cyanophenyl
2-{2-[(2-Methoxycarbonyl-phenyl)-hydrazono]-3-oxo-butylideneamino}-4,5,6,7-tetrahydrobenzo[b]-thiophene-3-carboxylic acid ethyl ester
2-{3-(4-Chlorophenyl)-2-[(2-cyanophenyl)-hydrazono]-3-oxo-propylideneamino}-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylic acid ethyl ester
2-{N'-[2-Furan-2-yl-2-oxo-1-(pyrazin-2-yliminomethyl)-ethylidene]-hydrazino}-benzoic acid methyl ester
2-{N'-[2-(4-Chlorophenyl)-2-oxo-1-(pyrazin-2-yliminomethyl)-ethylidene]-hydrazino}-benzonitrile
General Procedure for the Preparation of 6:
Method A: Compound 3e (0.1 mol) was refluxed in acetic acid for 2h, then left to cool at room temperature and treated with ethanol. The solid product, so formed, was collected by filtration and crystallized from ethanol.
Method B:
Compound 3e (0.1 mol) and a few drops of acetic acid were placed in the microwave oven and irradiated at 390 W for 7-20 min, then left to cool to room temperature and the solid was collected and crystallized from ethanol. 
7-(4-Chlorophenyl)-6-(2-cyanophenylazo
General Procedure for the Preparation of 8a-d:
Method A: A mixture of compound 1a,c,d or e (0.1 mol) and hydrazine monohydrate or phenyl hydrazine (0.12 mol) was refluxed in ethanol or dioxane (30 mL) for 2 h., then left to cool to room temperature and the solid was collected and crystallized from ethanol.
Method B:
Compound 1a, c, d or e (0.1 mol) and hydrazine monohydrate or phenyl hydrazine (0.12 mol), and a few drops of ethanol were placed in the microwave oven and irradiated at 390 W for 1-10 min , then left to cool to room temperature and the solid was collected and crystallized from ethanol. 
1-(2-Furyl)-3-hydrazono-2-(2-methoxycarbonylphenylhydrazono)-1-propanone
1-(4-Chlorophenyl)-3-hydrazono-2-(2-methoxycarbonylphenylhydrazono)-1-propanone
General Procedure for the Preparation of 9a, d.
Method A: A solution of each of compound 8a-d (0.1 mol) in pyridine (10 mL) was refluxed for 2h., then left to cool to room temperature and the solid was collected and crystallized from ethanol.
Method B:
Compounds 8a-d (0.1 mol) and some drops of pyridine were placed in the microwave oven and irradiated at 390 W for 30 min., then left to cool to room temperature and the solid was collected and crystallized from ethanol. 
3-(2-Furyl) 4-(2-methoxycarbonylphenylazo)-pyrazole
General Procedure for the Preparation of 13, 14
Method A: A solution of compound 1a,c (0.1 mol) in ethanol (30 mL) was treated with 2-amino-1-propene-1,1,3-tricarbonitrile (0.1mol) in the presence of few drops of piperidine and refluxed for 3h. The reaction product was washed with ethanol and dried, then recrystallized from ethanol.
Method B:
Compound 1a,c (0.1 mol) and 2-amino-1-propene-1,1,3-tricarbonitrile (0.1mol) in the presence of a few drops of piperidine were placed in the microwave oven and irradiated at 390 W for 5-10 min., then left to cool to room temperature and the solid was collected and crystallized from ethanol. [2,3-c] [2,3- 
3-Amino-1-cyano-2-(2-furoyl-6-oxopyridazino
5-Amino-3-(4-chlorobenzoyl)-6-cyano-(2-cyanophenyl)-1,7-dihydro-7-iminopyrido
General Procedure for the Preparation of 16
Method A: A warm solution of hydroxylamine hydrochloride (0.1 mol) and sodium carbonate (0.12 mol) in water (10 mL) was added to a stirred solution of the arylhydrazonopropanals 1c,d (0.1 mol) in ethanol (10 mL). The reaction mixture was stirred at room temperature for one hour. The oximes soon separated as semisolid crystals that were solidified by cooling in crushed ice. The solid product so formed was collected by filtration and crystallized from ethanol.
Method B:
Compound 1c,d (0.1 mol), hydroxylamine hydrochloride (0.1 mol), sodium carbonate (0.12 mol) and a few drops of ethanol were placed in the microwave oven and irradiated at 390 W for 5-10 min, then left to cool to room temperature and the solid was collected and crystallized from ethanol. Furoyl)-2-(2-methoxycarbonylphenylhydrazono)-3-oxo-propanal-1 
3-(2-
General Procedure for the Preparation of 17
Method A: Compound 16a (0.1mol) was refluxed in pyridine (10 mL) for 1h, then left to cool at room temperature and treated with ethanol. The solid product, so formed, was collected by filtration and crystallized from ethanol.
Method B:
Compound 16a (0.1 mol) and drops of pyridine were placed in the microwave oven and irradiated at 390 W for 15-28 min, then left to cool to room temperature and the solid was collected and crystallized from ethanol. 
4-(2-Furoyl)-2-(2-methoxycarbonylphenyl
